ABSTRACT. Atak-S laying hens are a high-performance hybrid obtained by crossing of the Rhode Island Red (RIR) X the Barred Plymouth Rock (BR) and are being produced in the Ankara Poultry Research Institute since 1997. Phenotypic and genetic improving studies are continuous for this hybrid. In this study three different SNPs, two from IGF1 and one from IGFBP2 genes, were examined in 150 Atak-S chickens. Genetic association of SNPs were compared to body weight and egg number till 32 weeks of age, body weight at sexual maturity, age at sexual maturity and also egg quality traits such as egg shell breaking strength, shell thickness, Haugh unit, albumen index, yolk index and shape index were statistically analyzed. Only IGF1(a) locus was in agreement with Hardy-Weinberg equilibrium, while, the rest of the loci were not. As a result of the comparisons performed to the three SNPs, it was determined that there was a significant association (P<0.05) between the T364C haplotypes of the IGF1(b) locus and body weight at 32 weeks of age, but there was not any association to the other traits.
INTRODUCTION
A tak-S laying hens are a high-performance hybrid obtained by crossing of the Rhode Island Red (RIR) X the Barred Plymouth Rock (BR) produced in the Ankara Poultry Research Institute since 1997 (Durmuş and Kamanli, 2015) . It's one of the three lines of laying hens developed in the Turkey. Further improvement of this hybrid will be useful for the Turkey's economy, so the studies are continuing.
The quantitative characters most of which have economic importance in the laying hens show a continuous variation and occur under complex mechanisms with the effect of many genes such as Prolactin (PRL), dopamine D1 receptor (DRD1) etc… Detecting these genes is a critical aim in modern selection techniques. Investigation of direct effects of candidate genes on certain traits is a reliable method but sometimes it may be time and effort consuming way. The chicken insulin-like growth factor family comprises two genes named IGF1 and IGF2. IGF1 is a polypeptide composed of 70 amino acids with a molecular weight of 70 kda. The gene extends to more than 50 kb, with four exons and three introns, located in chromosome 1. Its role on glucose homeostasis, amino acid, protein synthesis, muscle development, and feed conversion are known (Kocamis et al., 2001 , Duclos et al., 1999 . These effects are due to its function as a growth hormone mediator or local autocrine or paracrine growth stimulator (Pollak et al. 2004) . IGF1 is expressed in many tissues such as liver, brain, heart and skeletal muscles. The IGF-binding protein2 (IGFBP2), however, which is located in the 7th chromosome has a length of 38 kb with 4 short exons and three long introns. The IGFBP2, whose the most important regulator is growth hormone, forms a polypeptide with a size of 275 amino acids. In this family, six IGFBP proteins have been identified in the mammals, while five proteins have been identified in the chickens so far (Daza et al., 2011) . After the IGF1 is released to the blood circulation, it binds to its IGFBP receptor which is expressed in various tissues. Despite all this knowledge, the roles of the IGF and the IGFBP proteins on the metabolism and the availability thereof in the selection for the livestock have not been understood well. The results are contradictory in relation to whether IGF genotypes directly affect the growth traits in the chickens or not. For instance, while there are studies reporting that the IGF1 does not induce growth (Huybrechts et al. 1992 , Nagaraja et al. 2000 , there are more recent studies reporting that it has a relation to the growth properties (Wang et al. 2004 , Moe et al. 2009 ). Moreover, although selection of the broilers in the body weight (bw) for long years resulted to increase in expression of serum IGF1 mRNA (Beccavin, 2001) , no correlation between the serum IGF1 concentration level and bw was reported (Yun et al., 2005) . These results leave open the question whether the IGF1 directly affects the growth or increases along with the growth. Therefore, these genes are required to be thoroughly examined on different strains of chickens. SNPs studied in this research were used in different researches for different breeds to examine their relationship to productivity (Bian et al. 2008 , Li et al. 2008 , Sudaryati et al. 2013 . The objective of this study is both to seek an answer to the aforementioned questions and to examine the availability of these genes in the selection of Atak-S chickens by comparing the polymorphisms of these genes to the performance values up to 32 week.
MATERIALS AND METHODS Experimental chickens and housing conditions
This study was performed in Ankara Poultry Research Institute which is the development and production center of Atak-S chickens. 150 chickens were used in this study and their phenotypic and genetic properties were determined. The study started from the first day of hatching and continued until completing 32 week of age. Chickens were raised together in floor and moved to the multilayer individual cages at the 12 week of age. All chickens were raised in the same room and under the same conditions, and were fed a commercial corn-soybeanbased diet and fresh water ad libitum. Chickens were fed with four different rations, starter (19% protein and 2900 kcal/kg ME), chick starter (18% protein and 2800 kcal/kg ME), chick grower (16% protein and 2700 kcal/kg ME) and layer (17% protein and 2700 kcal/kg ME) from 0 to 4, 5 to 12, 12 to 17 and 18 to 32 week of age, respectively. Lighting period and intensity were applied as reported by Durmuş and Kamanli (2015) . This study was approved by the ethical committee of Ankara Poultry Research Institute with number of 2015/01. OD260/280 ratio and by running agarose gel electrophoresis, the concentration and purity of DNA preparations were verified. Working dilutions of extracted DNA were prepared at a concentration of 25 ng/µg for each chicken. The reaction mixture for a single sample included 2 µl DNA, 2.5 µl 10× PCR buffer, 0.5 µl of dNTP mix, 1 µl primers forward and reverse, 1 U TaqDNA polymerase (Qiagen, TaqPCR Core Kit) and 18 µl ultrapure water. The final volume of the reaction was 25 µl. The PCR conditions were started with 94°C-5 min, followed by 35 cycles at 94°C-30s for denaturation, annealing at 51°C for IGF1(a), 53°C for IGF1(b), 60°C for IGFBP2 for 60s, at an extension step, at 72 °C-1 min, with a final extension step of 72 °C-10 min. The information of the primers used are given in Table 1 .
Digestion PCR product and Screening
HinfI restriction enzyme was used to detect A366C SNP in IGF1(a) gene, PstI restriction enzyme was used to detect C364T SNP in IGF1(b) gene and Eco72I to detect C1032T SNP in IGFBP2 gene. The PCR products were digested overnight at 37°C using 10 U of the restriction enzymes. The digested products were run by horizontal electrophoresis (70 volts, 40 min) in 2,5% agarose gels in 1×TBE containing 
Statistical Analyses
Statistical analyses were executed using SPSS 20 software. To check whether the data were appropriate to the parametric method, homogeneity of variance and normal distribution tests were applied.
Phenotypic measurements
Bw measurements were made every 4 weeks. Age and weight at sexual maturity were recorded day by day. Egg productions were recorded daily from reaching the sexual maturity to the 32nd week. The measurements of egg quality traits were made by taking the average of eggs obtained over consecutive three days at 28 and 32 week of age. The eggs collected to examine the quality traits were kept at 18-20 °C for 24 hours and then cracked and their properties were detected. Besides, during the detection of the internal quality, the examination of each egg was paid attention to not exceed 10 minutes. Egg 
DNA extraction and PCR assay
Blood was taken from the chickens from the vein of the bottom of the wing at 16 week of age. For
IGF1(a), IGF1(b)
and IGFBP2, the methods reported respectively by Bian et al. (2008) , Li et al. (2008) and Sudaryati et al. (2013) were modified and used.
Briefly, genomic DNA was extracted using Qiagen 
Phenotypic values and its association with SNP loci
In this study, bw values from 4 to 32 weeks, that is a performance factor of the laying hens were examined and the results were denoted in Figure 1 , 2 and 3 for IGF1(a), IGF1(b) and IGFBP2, respectively. The results of the bw at sexual maturity, egg number at 32 week of age and age at sexual maturity corresponding to IGF1 and IGFBP2 genes were displayed in figure  4 , 5 and 6. Egg shell breaking strength, Haugh unit, shell thickness, albumen index, yolk index, shape index were also displayed in Table 3 . For IGF1 (b) , bw values at 32 week were obtained as TC>CC>TT (P<0.05). Apart from that, there was not any growth and egg traits which present a significant association with the 3 loci (P>0.05).
DISCUSSION
The traits such as growth properties and egg quality exhibit a continuous variation and are determined by many genes. Since the interaction of gene network is very complex, the genes of interest might not exhibit the expected effect in each genotype (Jaenisch and Bird, 2003) . Therefore, the effects of polymorphisms are required to be tested with various hypotheses in different species and strains. Another important point is that a protein in an organism has sometimes sever-240 DAş H., TARIM B., DEMIR S., KÜÇÜKKENT N., CENGIZ S., TÜLEK E., AKSAKAL V. al functions, so it might be influencing many traits, a phenomenon that is known as pleiotropic effects (Foster et al., 2004) . Hence, the effects of some polymorphisms of the IGF1 and the IGFBP2 genes on egg traits as well as growth traits have been already analyzed. Candidate gene approach is also an important method which is frequently used in determining the function and effects of genes (Akyüz et al, 2013) . SNPs which are the most common mutation type in the genome have a potential effect of changing the expression and products of genes. Therefore, they can directly affect the phenotype or can function as a marker by means of linkage with another affecting locus. As will be stated below, different studies were examined the IGF gene loci as candidates markers for the selection of various breeds. However, no similar studies in Atak-S laying hens have been conducted; Atak-S laying an economically important strain for economy of Turkey and the effects of IGF genes on the egg traits were not sufficiently introduced yet, thus it is unclear. In this study, the polymorphisms of IGF1 and IGFBP2 genes and the usability thereof in the selection were examined with PCR-RFLP method. Haplotypes of SNPs were compared using GLM procedures to bw from 4 to 32 week, bw at sexual maturity, egg number at 32 week of age, age at sexual maturity and also egg quality traits such as egg shell breaking strength, shell thickness, Haugh unit, albumen index, yolk index, shape index.
IGF1(a) was in agreement with HWE, while IGF1(b)
and IGFBP2 (2005) showed that this locus was in relation with bw in broilers while Promwatee and Duangjinda (2010) reported same results in laying hens. In this study, on the other hand, no association between IGF1(a) locus and productivity of Atak-S chickens was encountered. Similar to our results, Babayi et al. (2014) reported that it was also not associated with bw. These different reports suggest that the more analytical studies in various disciplines are needed to give explanations about the basis of these differences. Seo et al. (2001) Table 3 . The results of the egg quality traits determined according to the loci.
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J HELLENIC VET MED SOC 2017, 68(2) ΠΕΚΕ 2017, 68 (2) al functions, so it might be influencing many traits, a phenomenon that is known as pleiotropic effects (Foster et al., 2004) . Hence, the effects of some polymorphisms of the IGF1 and the IGFBP2 genes on egg traits as well as growth traits have been already analyzed. Candidate gene approach is also an important method which is frequently used in determining the function and effects of genes (Akyüz et al, 2013) . SNPs which are the most common mutation type in the genome have a potential effect of changing the expression and products of genes. Therefore, they can directly affect the phenotype or can function as a marker by means of linkage with another affecting locus. As will be stated below, different studies were examined the IGF gene loci as candidates markers for the selection of various breeds. However, no similar studies in Atak-S laying hens have been conducted; Atak-S laying an economically important strain for economy of Turkey and the effects of IGF genes on the egg traits were not sufficiently introduced yet, thus it is unclear. In this study, the polymorphisms of IGF1 and IGFBP2 genes and the usability thereof in the selection were examined with PCR-RFLP method. Haplotypes of SNPs were compared using GLM procedures to bw from 4 to 32 week, bw at sexual maturity, egg number at 32 week of age, age at sexual maturity and also egg quality traits such as egg shell breaking strength, shell thickness, Haugh unit, albumen index, yolk index, shape index.
IGF1(a) was in agreement with HWE, while IGF1(b)
and IGFBP2 genes were not. The reason for the disequilibrium may be the effects of the selection of this hybrid. IGF1(a) of them was first reported to correlate with egg and shell weight by Nagaraja et al. (2000) . However, Moe et al. (2009) compared IGF1(a) with bw in Asian native chickens and reported that AA genotype has a high bw. Zhou et al. (2005) showed that this locus was in relation with bw in broilers while Promwatee and Duangjinda (2010) reported same results in laying hens. In this study, on the other hand, no association between IGF1(a) locus and productivity of Atak-S chickens was encountered. Similar to our results, Babayi et al. (2014) reported that it was also not associated with bw. These different reports suggest that the more analytical studies in various disciplines are needed to give explanations about the basis of these differences. Seo et al. (2001) reported that although TC haplotype was much higher in IGF1(b) locus at 30 week of age, this difference was disappeared in the other months.
So except for this week, they reported that it didn't have any significant relation with bw. In our study, similarly, TC haplotype was higher than TT and CC haplotypes in terms of bw at 32 week of age, which means that results of these two studies are similar. In contrast to these results, Amills et al. (2003) reported that this locus was not related to bw at any week. Li et al. (2010) examined the same locus in terms of egg quality and reported that this locus was only associated with egg shell thickness and egg weight. There are also studies reporting that it is associated with total egg numbers (Kim et al., 2004; Li H. F et al., 2009 ). According to our results, IGF1(b) locus has no effect on egg traits and numbers. IGFBP2 locus had not also any effect on given phenotypic traits likewise to the other loci. Similar to our findings, Sudaryati et al. (2013) locus was associated with bw in some strains and not associated with the others. The reason for this may be based on that SNP which are thought to affect a character are in linkage with other mutation which has real effect on this character so, if this mutation is close to a SNP, they are transferred together in just some strains. A second possibility is that the effects revealed by a mutation might be discrete due to complex protein and signal networks in one organism, so the phenotypes might be different.
CONCLUSIONS
With the association studies of the 3 SNP loci, it was determined that there is a significant association between TC genotypes of the IGF(b) locus and bw at 32 weeks of age (P<0.05), but there wasn't any association for other traits. As a conclusion; except for IGF(b) locus, the studied SNPs in IGF1 and IGFBP2
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